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Abstract 

Declining soil fertility is one of the major factors contributing to the current low productivity of crops in 
the crop-livestock production systems in the semi-arid areas of Kenya. This study was conducted in the 
peri-urban areas of Machakos and Wote towns in semi-arid Eastern Kenya with the aim of identifying 
nutrient management practices currently used in the smallholder crop-livestock production systems, 
with a view to developing appropriate nutrient management strategies for enhancing the productivity 
of vegetables. The target population consisted of smallholder farmers owning at least one dairy cow. In 
the peri-urban areas of Machakos town, a total of 60 farmers were interviewed while in the peri-urban 
areas of Wote town, 56 farmers were interviewed using structured questionnaires. An overwhelming 
majority of the households were male-headed, literacy levels were high and freehold system of land 
ownership was the most prevalent. The two major vegetables grown in the areas were kale and 
tomatoes. Farmyard manure was the principal source of nutrients for vegetable production. The use of 
inorganic fertilizers was low due to high cost. The two main methods of manure application were 
placement in the furrows and planting pits. Shortage of labour for transporting manure to the fields 
was the main constraint to its utilization. It was concluded that since farmyard manure is the main 
source of nutrients for vegetable production, enhancing integration of crop-livestock system has the 
potential to sustainably increase the productivity of the farms. There is also a need to sensitize farmers 
on the use of organic sources of nutrients other than farmyard manure and compost in combination 
with inorganic sources in order to optimize all aspects of nutrient cycling. 

Key words: crop-livestock production systems, farmyard manure, productivity, soil fertility, 
smallholder farmers, nutrient cycling 

Introduction 

The semi-arid areas of Kenya are inhabited by smallholder farmers whose economy is mainly 
dependent on crop and livestock production. There is a strong interaction between livestock and 
cropping activities. Livestock provide manure and draft power for crop production while cropping 
activities provide crop residues for livestock feed. Livestock are also sometimes sold to raise cash for 
purchasing farm inputs. However, there is a significant conflict between livestock and soil fertility 
enhancing activities as crop residues which could be returned to the field to reduce runoff and provide 
nutrients for future crops are used as livestock feed.  

Increased population pressure on the land has led to intensive cultivation without adequate 
replenishment of nutrients, leading to depletion of soil nutrients, hence the decline in soil fertility. In 
most of these areas, the soils have low organic matter content and are deficient in nitrogen and 
phosphorus (Nadar and Faught, 1984; Okalebo et al., 1992; Gachimbi et al., 2005). 

Population growth in the urban areas, mainly as a result of people migrating from rural areas to seek 
wage-earning employment, has increased demand for livestock products, particularly meat and milk, 
and fresh vegetables. The increase in demand has, in turn, triggered a rise in the prices of these 
livestock products and fresh vegetables. This scenario has created an opportunity for the peri-urban 
smallholder vegetable farmers to increase their incomes and improve their livelihoods if appropriate 
nutrient management technologies are adopted to increase productivity.  
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The purpose of this study was to identify nutrient management practices currently used for vegetable 
production in the smallholder crop-livestock production systems in the peri-urban areas of Machakos 
and Wote towns in semi-arid Eastern Kenya, with a view to developing/identifying appropriate 
nutrient management strategies for enhancing the productivity of vegetables. 

Materials and methods 

The survey was conducted in the peri-urban areas of Machakos and Wote towns in Machakos and 
Makueni counties, respectively. Machakos town is the main urban centre in Machakos county while 
Wote town is the main urban centre in Makueni county. Machakos town (37o27’E; 1o52’S) is situated in 
the Upper Midlands (UM) 4 at an altitude of 1700 m while Wote town (37o37’E; 1 o47’S) is in the 
transition zone between Lower Midlands (LM) 4 and 5 at 1100 m (Jaetzold and Schmidt, 2006). Both 
have a bimodal rainfall pattern, which is almost evenly distributed between the the long and the short 
rains. The average annual rainfall for Machakos town is 767 mm while that for Wote town is 601 mm. In 
the two areas, the mean annual temperature ranges from 21 to 24 0C.  

The major soil types in the two areas are Luvisols, Acrisols, Cambisols and Ferralsols. They are well-
drained and their texture ranges from sandy clay to clay loams (Jaetzold and Schmidt, 2006). They have 
a tendency to harden when dry, but friable when wet and have low organic matter content, mainly due 
to the poor growth of the natural and human-modified vegetation and the removal of crop residues for 
livestock feed. They are shallow and hence have a low water-storage capacity, are generally acidic (pH 
5.0 to 6.5) in the surface horizons; have a poor nutrient status, especially nitrogen and phosphorus; are 
saline and calcareous; and, due to poor structural development, are highly erodible and prone to 
surface sealing and capping through the energies of high-intensity rainfall and solar radiation 
(Muchena, 1975; Mbuvi and van de Weg, 1975).  

Data collection and analysis 

The survey covered 15 km radius around the two urban centres whose population consisted of 
smallholder farmers owning at least one cross-bred or high grade dairy cow. Proportional stratified 
sampling method was used and was based on geographical location of households within the urban 
centres. For this purpose, each site was divided into four clusters relative to the town; north, south, east 
and west. Farmers were selected from each of the four directions. Sixty and 56 farmers were 
interviewed from both the peri-urban areas of Machakos and Wote towns using structured 
questionnaires between February and July 2010. Data were collected on socio-economic characteristics 
of the farmers, their major sources of income, types of vegetables grown, sources of nutrients for 
vegetable production, methods of managing and application of manure, frequency of manure 
application, constraints in manure application and sources of information on vegetable production. 

The collected data were coded and entered in a spreadsheet and analyzed using the Statistical Package 
for Social Sciences (SPSS) version 12.0 for windows (SPSS, 2003). The results are presented using 
descriptive statistics, tables and graphical illustrations. 

Results and discussion 

Socio-economic characteristics of the farmers  

The socioeconomic characteristics of farming households are important. They influence farming 
decisions, choice and adoption of agricultural technologies (Omiti et al., 1999). The socioeconomic 
characteristics of the farmers in the two areas are shown in Table 1. Male-headed households were more 
than female-headed ones (96.7% in Machakos and 91.1% in Wote). Literacy levels in both areas were 
high. The proportion of household heads with secondary education and above was 78.0% in Machakos 
and 85.5% in Wote. Thus the likelihood of uptake of new technologies for vegetable production is high 
as level of education has been shown to be positively correlated to adoption of improved technologies 
(Omiti et al., 1999). Freehold land ownership was more prevalent in both areas (69.0% in Machakos and 
87.3% in Wote) while ownership under customary law was 31.0% in Machakos and 12.7% in Wote. 
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The average farm size was 25.7 acres in Wote and 9.6 acres in Machakos. The larger average farm size in 
Wote may be attributed to the more recent settlement in the area. The average size of household was 4.2 
and 4.6 in Machakos and Wote, respectively. A typical household consisted of a husband, wife and 
children. The size of a household could influence labour availability for various farm operations, e.g., 
transportation of manure. The household members involved in farming activities were 56.6% in 
Machakos and 50.2% in Wote. The main source of food for the households in Machakos was 
households’ farms and purchasing (50.0%) while 66.7% of the households in Wote obtained their food 
from their own farms only. The major household heads’ off-farm activity in Machakos was business 
(40.7%) while in Wote it was employment (28.6%). Off-farm activities are important sources of income 
in the two areas as farming is risky due to the low and unreliable rainfall. Earlier, 38% of the farmers 
interviewed ranked off-farm income as one the most important sources of income (Omiti, 1999).  

Table 1:Socioeconomic characteristics of sampled farmers in the peri-urban areas of Machakos and 
Wote towns 

 

Parameter 

Site  

Total sample Machakos Wote 

Mean Mean Mean 

Age of household head 55 (12) 58 (12) 56.4 (12.0) 

Farm size (Ha) 3.9 (3.5) 10.7 (10.3) 7.2 (8.3) 

Household size 4.2 (1.5) 4.6 (2.0) 4.4 (1.7) 

Number of years growing vegetables 13 (12) 4 (8) 7.6 (10.8) 

Number of years keeping dairy cattle 9 (9) 13 (11) 10.8 (9.8) 

Males 96.7(%) 91.1(%) 94(%) 

Female 3.3(%) 8.1(%) 6(%) 

Education level of household head 

None 5.1 1.8 3.5 

Primary 16.9 12.7 14.9 

Secondary 45.8 58.2 51.8 

Tertiary 32.2 27.3 29.8 

Major off-farm activity 

None 37.3 48.2 42.6 

Business 40.7 23.2 32.2 

Employed 22.0 28.6 25.2 

Household members involved in farming activities 

Land tenure 56.6 50.2 53.3 

Customary 31.0 12.7 22.1 

Leasehold 0 0 0 

Institutional 0 0 0 

Rented 0 0 0 

Freehold 69.0 87.3 77.9 

Main source of food for household 

Own farm 46.4 66.7 56.4 

Purchased 3.6 0 1.8 

Own farm and purchased 50.0 33.3 41.8 

Numbers in parentheses are standard deviations 

 

The three major sources of income in the two areas are shown in Table 2. Livestock production ranked 
highest (54.2%) in the peri-urban areas of Machakos town while crop production ranked highest (46.4%) 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

4 

in the peri-urban areas of Wote town. Overall, livestock production ranked highest (46.6%) followed 
closely by crop production (45.7%). Small-scale business ranked third in the two areas.  

Table 2: Major sources of income in the two areas 

 Machakos Wote Total sample 

Source of income Rank Farmers (%) Rank Farmers (%) Rank Farmers (%) 

Livestock production 1 53.3 2 48.2 1 46.6 

Crop production 2 55.0 1 46.4 2 45.7 

Business 3 25.0 3 14.3 3 19.8 

 

The mean area allocated to crops in the peri-urban areas of Machakos town (1.97 ha) was greater than 
that allocated to pastures (1.65 ha) while in the peri-urban areas of Wote town, the mean area allocated 
to pastures (5.58 ha) was greater than that allocated to crops (3.80 ha, reflecting the relative importance 
of livestock in these areas.  

Vegetable production 

Table 3 shows the range of vegetables grown in the two areas, the percentages of farmers growing the 
various vegetables and the proportion of the total land area allocated to each vegetable type. Kales and 
tomatoes were the most preferred vegetables in the two areas.  

Table 3:Type of vegetables grown in the two areas 

 Machakos Wote Total sample 

Vegetable Farmers 
(%) 

Mean area 
(ha) 

Farmers 
(%) 

Mean area (ha) Farmers 
(%) 

Mean area 
(ha) 

Kales 40.0 0.12 (0.08) 35.6 0.12 (0.09) 38.4 0.12 (0.08) 

Tomatoes 30.0 0.29 (0.25) 26.7 0.18 ((0.20) 28.8 0.25 (0.24) 

Cabbage 8.8 0.18 (0.11) 8.9 0.13 (0.05) 8.8 0.16 (0.09) 

Onions 5.0 0.10 (0.00) 6.7 0.08 (0.03) 5.6 0.09 (0.03) 

Spinach 2.5 0.00 (0.00) 8.9 0.00 (0.00) 4.8 0.07 (0.03) 

Capsicum 5.0 0.10 (0.00) 4.4 0.07 (0.03) 4.8 0.14 (0.11) 

Brinjals 3.8 0.08 (0.35) 2.2 0.17 (0.18) 3.2 0.07 (0.03) 

Hot pepper 3.8 0.22 (0.18) 2.2 0.05 (0.00) 3.2 0.19 (0.15) 

Amaranthus 1.3 0.02 (0.00) 0 0.10 (0.00) 0.8 0.02 (0.00) 

Cowpea 0 0.00 (0.00) 4.4 0.15 (0.07) 1.6 0.15 (0.07) 

Numbers in parentheses are standard deviations 

 

Out of the sample farmers interviewed, 40.0% in Machakos and 35.6% in Wote grew kales while 30.0% 
and 26.7% grew tomatoes in Machakos and Wote, respectively. The third most preferred vegetable was 
cabbage, grown by 8.8% and 8.9% of the sample farmers in Machakos and Wote, respectively. The total 
area under different vegetables followed the same trend. 

The percentages of farmers growing vegetables at various times of the year in the two areas are shown 
in Figure 1. The most preferred season for growing vegetables in Machakos was the dry season (32.5%) 
while in Wote, 33.3% of the farmers preferred growing vegetables during the dry and rainy seasons. 
The relatively lower percentage of farmers growing vegetables in the peri-urban areas of Machakos 
town during the wet and dry seasons could be attributed to its proximity to the rich agricultural areas 
of Central Province, which supply vegetables to Machakos town throughout the year.  
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Figure 1: Vegetable production during different times of the year 

Rotation of vegetable crops was practised by 80.4% of the farmers in Machakos and by 85% of the 
farmers in Wote. A majority of them (90.5% in Machakos and 59.1% in Wote) rotated crops after one 
season. The main reasons for practising crop rotation in the two areas were reported to be: control of 
soil borne diseases (76.2% and 61.8% of the farmers in Machakos and Wote, respectively), improvement 
of soil fertility (83.3% and 79.4% of the farmers in Machakos and Wote, respectively) and reduction of 
pest infestation (54.8% and 50.0% of the farmers in Machakos and Wote, respectively). Land shortage 
(77.8% and 40.0% of the farmers in Machakos and Wote, respectively) was reported to be the main 
reason for not practising crop rotation. 

The major constraints in vegetable production reported for Machakos were pests (21.0%), low rainfall 
(20.8%) and diseases (20.3%) while in Wote, the three major constraints were diseases (25.0%), high cost 
of inputs (18.8%) and low rainfall (14.08%). The main cropping system for vegetables in the two areas 
was mono-cropping (74% in Machakos and 80.0% in Wote). Only 15.4% and 10.0% of the farmers in 
Machakos and Wote, respectively, intercropped vegetables. 

66.7% of the farmers in Machakos and 78.9% in Wote reported growing vegetables for home 
consumption and sale while 28.2% and 10.5% of the farmers in Machakos and Wote, respectively, 
reported growing vegetables for home consumption only. 

Nutrient management practices 

Sources of nutrients for vegetable production. Sources of nutrients for vegetable production varied 
across the two sites (Figure 2). Out of the sample farmers, 28.8% and 38.1% used livestock manure in 
Machakos and Wote, respectively. A combination of manure and inorganic fertilizer was used by 46.3% 
of the farmers in Machakos and by 33.3% of the farmers in Wote.  
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Figure 2: Sources of nutrients for vegetable production 

 

Sources of manure for the production of vegetables and other crops are shown in Figure 3. The main 
source of manure in the two areas was cattle manure, which was used by 98.4% of the farmers in 
Machakos and by 97.1% of the farmers in Wote. Other sources of manure included poultry, goats, 
sheep, compost and pigs. Except for cattle manure, the percentages of farmers using other sources of 
manure were higher in Wote than in Machakos. 

 

Figure 3: Sources of manure in the two areas 

The average amount of animal manure produced on the farms in the peri-urban areas of Machakos 
town was 5.1 tonnes (s.d ±2.8) per season while that produced in the peri-urban areas of  Wote town 
was 5.6 tonnes (s.d ±4.4) per season. The use of animal manure provides a means of recycling nutrients 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

7 

and where animals have access to forage outside the croplands, a means of collecting nutrients from 
surrounding areas. Adding manure to the soil also improves soil structure, which promotes water 
infiltration, thereby reducing soil erosion. Its application is closely associated with ownership of 
livestock with the average quantity of manure available significantly correlated with the size of the 
livestock herd. The quality of farmyard manure depends on the type of animal, type of feed fed to the 
animal and the way the manure is stored. Most of the farmyard manure in the semi-arid areas of Kenya 
contains only one third of the N and P expected from fresh animal manure (Probert et al., 1992; Lee, 
1993).  

Manure management 

Manure management is a key factor in determining the quality of manure produced on the farms. The 
various methods of managing manure in the two areas are shown in Figure 4. In both areas, a majority 
of farmers heap their manure without covering it. In the peri-urban areas of Machakos town, 
composting manure before use was ranked second while heaping manure and covering it was ranked 
second in the peri-urban areas of Wote town. In both areas, direct application was the least common 
method of manure management. 

 

Figure 4: Percentages of farmers using various methods of manure management in the two areas 

 

Methods of applying farmyard manure 

Farmers in the two areas apply manure in several ways, with some using exclusively one method and 
others using combinations of different methods. Figure 5 shows percentages of farmers using the 
various methods in the two areas. 
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Figure 5: Percentages of farmers using the various methods of applying manure in the two areas 

In the peri-urban areas of Machakos town, the main method of applying manure was applying in 
furrows without covering with soil while applying in pits was the main method of application in the 
peri-urban areas of Wote town. In both areas, spot application within the furrow was the least common 
method of application. 

Frequency of manure application to vegetables 

Figure 6 shows the frequency of application of manure to vegetables in the two areas. A majority of 
farmers in the two areas applied it every season. In the peri –urban areas of Machakos town, application 
after every other season was practised by the least number of farmers while in the peri-urban areas of 
Wote town, application once a year was practised by the least number of farmers.  

 

Figure 6: Frequency of manure application in the two areas 
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Constraints in manure application 

Although farmyard manure is the principal source of nutrients for crop production in the semi-arid 
areas of Eastern Kenya, its utilization is constrained by several factors, most of them related to its bulky 
nature. Figure 7 shows the percentages of farmers who cited the various factors as constraints to its 
efficient utilization. In both areas, shortage of labour was the main constraint to manure utilization, 
with all the interviewed farmers in the peri-urban areas of Wote town citing it as a constraint. Low 
quality of manure was cited as a constraint by the least number of farmers in the two areas, which was 
surprising considering the results of analysis of manure samples collected from nearby areas and the 
high rates of manure application reported from those areas. 

 

Figure 7: Percentages of farmers citing various constraints in manure utilization in the two areas 

 

Sources of information on vegetable production 

Vegetable producers obtained information on production from diverse sources. Table 4 shows the main 
sources of information on vegetable production. Fellow farmers as information source ranked high 
(69.0% and 78.3% in Machakos and Wote, respectively). This was followed by government departments 
at 53.4% and 76.1% in Machakos and Wote, respectively. The third most important source of 
information was electronic media (radio) at 56.9% in Machakos and 50.0% in Wote. 

Pest and disease control was ranked the highest among the types of information provided on vegetable 
production at 70.3% and 88.9% of farmers in Machakos and Wote, respectively (Table 5). This was 
followed by types of vegetables at 56.8% in Machakos and 61.1% in Wote. Types of fertilizer was third 
with 41.7% of farmers in Machakos and 61.1% of farmers in Wote having received this information. 
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Table 4: Major sources of information on vegetable production 

 Machakos Wote Mean 

Source Famers (%) Famers (%) Famers (%) 

Church 5.2 2.2 3.8 

Print media 25.9 30.4 27.9 

Electronic media 56.9 50.0 53.8 

NGOs 10.3 26.1 17.3 

Government departments 53.4 76.1 63.5 

Fellow farmers 69.0 78.3 73.1 

Research institutes 3.4 10.9 6.7 

Universities 0 2.2 1.0 

 

Table 5: Type of information provided on vegetable production 

 
Information  

Machakos Wote Mean 

Famers (%) Famers (%) Famers (%) 

Type of vegetable 56.8 61.1 58.2 

Type of fertilizers 41.7 61.1 48.1 

Marketing 35.1 38.9 36.4 

Processing 16.2 0 10.9 

Storage 2.7 16.7 7.3 

Pest & diseases control 70.3 88.9 76.4 

Other 10.8 16.7 12.7 

 

Conclusions and recommendations 

The main source of nutrients for vegetable production in the two areas was farmyard manure, mainly 
from cattle. The use of inorganic fertilizer was low due to its high cost. Thus enhancing integration of 
crop-livestock systems has the potential to increase productivity of the farms in a sustainable manner. 
To enhance this integration, emphasis should be given to:  

 promotion of adapted feed resources, particularly forage legumes that when fed to dairy cattle 
increase milk production and improve the quality of manure and soil fertility through nitrogen 
fixation; and 

 strategies that mitigate nutrient losses during handling and storage of manure (a majority of farmers 
in the two areas heap manure in the open without covering it, leading to loss of N through 
volatilization) 

 
Most farmers in the two areas use a combination of livestock manure and inorganic fertilizer, thereby 
exploiting the positive synergies that optimize nutrient supply to crops. However, the use of other 
organic sources of nutrients such as compost is negligible. There is, therefore, a need to sensitize 
farmers on the use of other sources of organic nutrients in combination with inorganic sources in order 
to optimize all aspects of nutrient cycling. 
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